A 
The association between extreme rainfall and rate of emergency room visits for gastrointestinal illness was investigated by comparing regions with and without combined sewer overflows impacting drinking water sources in Massachusetts (Jagai et al., 2015) . The study results showed different associations between heavy rainfall and rate of emergency room visits among regions, and the research found that only the region with drinking water impacted by combined sewer overflows demonstrated an increased cumulative risk for the rate of emergency room visits for gastrointestinal illness after extreme rainfall with the cumulative risk of rate of 1.13. Jiang et al. (2015) reviewed the human and environmental health risks and benefits associated with rainwater harvesting and stormwater use using the techniques of quantitative microbial risk assessment (QMRA). Li, Qu et al. (2015) conducted a review of the literature published in 2014 on topics relating to public and environmental health risks related to sewage disposal, reuse and treatment. The topics covered included chemical and microbial hazards, wastewater management, wastewater reuse, wastewater treatment plants (WWTPs), sludge and biosolids, and wastewater disposal. Daley et al. (2015) carried out a qualitative case study to identify and understand residents' perceptions of the functionality of current water and wastewater sanitation systems in one vulnerable context that of a remote Arctic aboriginal community in Coral Harbour, Nunavut, Canada. This study emphasized the argument for inclusion of social, cultural, and economic variables in such decisions, particularly in remote and economically challenged communities in Canada or elsewhere around the world. Marcogliese et al. (2015) conducted a case study on the effects of a major municipal effluent on the St. Lawrence River, which is the second largest waterway in North America and receives the treated wastewater mostly from the City of Montreal WWTP. They described some major findings of the intensive researches over the last decades, such as the determination of the fate of contaminants, bioaccumulation in fish and invertebrates and ecotoxicological measurements of aquatic animal heath, and found that the impacts of the effluents from the WWTP are both toxicological and ecological on aquatic organisms.
Microbial Hazards

Bacteria.
Al-Badaii and Shuhaimi-Othman waters might lead to a potential health risk to the surrounding communities. Osuolale and Okoh (2015) evaluated the physicochemical and microbiological qualities of the final effluents of two WWTPs in the Eastern Cape Province of South Africa over a period of 12 months. They found that the both WWTPs showed the presence of Escherichia coli in counts ranging between 0 and 1.86 × 10 4 colony forming units (cfu)/100 mL and
Vibrio counts ranging between 0 and 9.93 × 10 3 cfu/100 mL, indicating both of them have latent health risks to human and other organisms. Jacob et al. (2015) investigated the health risk associated with waterborne pathogens in three large rivers in France based on a twoyear monitoring program.
Clostridium perfringens,
Cryptosporidium parvum oocysts, Giardia duodenalis cysts were found in one of the rivers where major agricultural activities were present, while adenovirus were found at the highest concentration in two other rivers.
Parasites. Analysis of helminth eggs as a health
risk indicator for wastewater effluent was examined by Ajonina et al. (2015) . The first molecular survey to detect Cyclospora in water, vegetables, soil and humans was conducted in southern
Italy (Giangaspero et al., 2015) . Of the 213 samples tested, Cyclospora was detected in 15.5%, suggesting that those vegetables, soil and irrigation water might be contaminated, which could result in a threat to public health, and should be monitored by health authorities. 
Viruses
Chemical Hazards
Heavy Metals. A study was performed to examine spinach's (Spinacia olevacea) ability to grow, root length and germination rates in a variety of soils contaminated with heavy metals (Alia et al., 2015) . It was found that cadmium and lead contamination caused the highest toxicity levels in the spinach. Amreeva et al.
(2015) examined mercury levels in many different mediums throughout Central Kazakhstan including ambient air, snow, water, bed silt, and regional foods. High levels of mercury derived from industrial activities were detected in all studied objects throughout Central Kazakhstan. Devarajan et al. (2015) carried out a study of sediments receiving untreated and urban effluent waters from the city of Tiruchirappalli, Tamil Nadu, India for potential environmental and human health risks. The results revealed that the variation of toxic metal levels, such as chromium, copper, zinc, lead, and manganese, and toxicity in sediment composition related to both the type of hospital and the sampling period and illustrated that the method of elimination of hospital and urban effluents led to the pollution of water resources and might place aquatic organism and human health at risk. Yang, Duan et al. (2015) reported the recent trend in heavy metal pollution and associated health risks in the Wei River in the Shaanxi region of China. The monthly heavy metal pollution index values declined gradually with time, which indicated the effective implementation of pollution control strategies in the region including wastewater treatment.
Pharmaceuticals and Personal Care Products.
Residues from cytostatic drugs, used in chemotherapy, are often discharged to surface water due to incomplete elimination in WWTPs. Franquet-Griell et al. (2015) compiled total consumption of cytostatic drugs to calculate the predicted environmental concentrations and determine the occurrence and risk of these drugs in aquatic environments. Only two of the 132 cytostatic drugs analyzed had a predicted environmental concentration higher than 10 ng/L, and all calculated risk quotients showed no significant risk. Lutterbeck et al. (2015) investigated the toxic effects of four anti-cancer drugs, including cyclophosphamide, methotrexate, 5-fluorouracil, and imatinib, using a plant assay with Allium cepa in the context of the treated wastewater reuse for agricultural reuse.
The effects in male fish after trophic exposure to the anti-inflammatory drugs diclofenac and dexamethasone in wastewater was studied by Guiloski et al. (2015) . The results suggested that the drugs had a negative impact on aquatic organisms, including reduction of testosterone levels and causation of oxidative stress. Gavrilescu et al. (2015) A quantitative probabilistic ecotoxicological assessment of all of the predicted and probable transformation products of the pharmaceuticals (3 betablockers: atenolol, metoprolol, and propranolol; and 5 selective serotonin reuptake inhibitors: citalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline) was presented by Brown et al. (2015) . They recommended the developing analytical methods that could isolate and quantify human metabolites and transformation products at environmentally relevant concentrations to confirm these predictions. Pereira et al. (2015) Nanoparticles. Gonzalez-Estrella et al. (2015) evaluated the toxicity of elemental copper nanoparticles to glucose fermentation, syntrophic propionate oxidation and denitrification in biological wastewater treatment processes. The results showed that elemental copper nanoparticles were toxic to all microbial processes studied, and that the inhibitory impact was mainly due to the release of copper(II) ions associated with the dissolution of the nanoparticles. Ozmen et al. (2015) assessed the toxicity of two selected xenobiotics, bisphenol A and atrazine after photocatalytic degradation using nano-sized, manganesedoped titanium dioxide. Results showed that the manganese-doped titanium dioxide nanoparticles did not cause significant lethality in Xenopus laevis embryos and tadpoles; however, unfiltered samples posed lethality in zebrafish. Nogueira et al. (2015a) that freshwater species were more sensitive than marine species and that the nickel oxide with a diameter of 100 nm was the most toxic, followed by the smaller diameter nickel oxide, titanium dioxide and Fe2O3.
Wastewater Treatment
Treatment Plant. A study to assess endotoxin exposure among sewage treatment plant workers and its effect on across-shift changes in respiratory airflow was carried out (Cyprowski et al., 2015) . It was concluded that relatively low levels of endotoxin among sewage treatment plant workers might cause small, but significant acrossshift declines in forced expiratory volume in one second
and that certain respiratory protection should be provided. Rangamani et al. (2015) investigated the health problems of sanitation workers in a town in Karnataka, India. They The results showed that the chlorinated freshwater wastewater effluents were more toxic to marine species than chlorinated saline wastewater effluents were, due to the low salinity and organic matters contained in the freshwater, and the researchers also suggested the use of seawater in lieu of freshwater for toilet flushing might mitigate the acute effect to marine organisms.
Agricultural Reuse
South Asia. Health risk of heavy metals through consumption of market food crops that were wastewater irrigated in the Sialkot and Gujranwala districts in Pakistan was investigated (Khan, Malik et al., 2015) . The concentrations of lead and cadmium in all crops and the concentration of chromium in most vegetables exceeded the recommended limits of the Food and Agriculture
Organization of the World Health Organization (WHO/FAO) and the health risk index was greater than one in Triticum aestivum for lead intake in Gujranwala and lead and cadmium intake in Sialkot. evaluated the magnitude and health risk of heavy metal and metalloid pollutants in soils and sponge gourd (Luffa cylindrica L.) at two sites in Sargodha, Pakistan irrigated with wastewater. The study found that the metal and metalloid levels in the soils were below maximum permissible limits and that the health risk index was greater than one due to manganese, molybdenum, lead, cadmium, copper, arsenic, nickel, and zinc, while it was less than one due to iron, selenium, and cobalt. Ahmad et al. (2015) investigated the difference in heavy metal contamination in
Pakistan from two irrigation sources; canal and wastewater. It was found from their study that wastewater irrigation led to more elevated levels of heavy metals such as cadmium, molybdenum, and lead in the crops. Hebei Province, China (Zhang, Liang et al., 2015) . The Oran were under the national environmental standard limit as well. Li, Chen et al. (2015) evaluated the genotoxicity and embryotoxicity of sediments from Yangtze River estuary which suffered from abundant sewage from the coastal cities using Danio rerio embryos. Results presented that the Danio rerio embryos exhibited an increasing death rate, abnormal development, lower hatching rate and heart rate after exposing to the sediment 96 hours and obvious genotoxicity was detected in the samples. Falkenberg and Styan (2015) addressed the concern that the wastewater discharge of desalination plants might result in unique impacts on the biota and surrounding environment that could not be predicted using existing plants. To address this concern, three recent Australian case studies that had conducted toxicity assessments using whole effluent prior to the construction of the desalination plant were reviewed.
Although the whole effluent toxicity assessments were Luminescent bacteria and zebrafish embryos were used as bioassay tools to assess the ecotoxicity of surface water from the Huangpu River, China . It was found the river water samples inhibited
Vibrio qinghaiensis sp. Q67 with inhibition rates 0-34.6±4.82%, increased the lethal rates and caused morphological abnormalities of zebrafish embryos, and that the toxicity was higher in winter than in summer and higher in the river sections impact by anthropogenic activities. Antibiotic contamination of hospital wastewater in seven hospitals in Bangkok, Thailand was studied by Hamjinda et al. (2015) . Of the 19 antibiotics that were detected, norfloxacin appeared in the highest concentration (12 µg/L), although most of the toxicity was reduced after treatment leaving only slight toxicity on some test species which may be due to chlorination. Neri-Cruz et al. (2015) conducted a study to investigate the oxidative stress in the common carp Cyprinus carpio induced by a hospital wastewater in Mexico. They found significant increases in hydroperoxide content, malondialdehyde content and protein carbonyl content in exposed specimens, mostly in gill, liver and brain. In addition, the activities of the antioxidant enzymes superoxide dismutase and catalase were also increased in liver and brain. Rani et al. (2015) investigated the influence of geochemical factors and microbiome structure in dental wastewater on mercury methylation. They found that the concentrations of total mercury, methyl mercury and heavy metals were high in dental wastewater and that there were significant correlations between the bacterial community, mercury levels and geochemical factors including pH and the predicted total amount (not fraction) of neutral mercurysulfide species.
Hospital Wastewater
Industrial Wastewater
Tannery and Textile. Investigation of tannery wastewater affecting local fish biosystems in East Calcutta wetlands in West Bengal, India was performed by Aich et al. (2015) . It was concluded that the exposure to tannery wastewater had increased fish stress enzyme activity affecting hormonal and reproductive processes within the local aquatic biosystems. The toxicity of tannery and textile effluents was evaluated by a battery of toxicological bioassays and toxicological indices .
The results indicated the reduction rates of toxicity in tannery and textile effluents were 36.8% and 23.2%, respectively based on the potential ecotoxic effects probe, and the major toxicant of textile effluent was non-polar organic pollutants, filterable compounds, heavy metals, oxidizing substances and volatile compounds. Sorsa et al. (2015) however, no mutagenicity was detected in the effluents subjected to a longer exposure to ozone.
Agri-Food. Julien and Safferman (2015) evaluated the impact of food processing wastewater organic and hydraulic loading on metal mobilization within the soil Oil and Gas. Chemicals used and/or produced by oil and gas operations were investigated for endocrinedisrupting activities and reproductive and developmental outcomes in male mice after prenatal exposure (Kassotis et al., 2015) . Twenty-three commonly-used chemicals were found to activate or inhibit endocrine-disrupting activities, synergistically, additively, or antagonistically, and the prenatal exposure of male mice to a mixture of chemicals at 3, 30, and 300 µg/kg·d caused decreased sperm counts and increased testes, body, heart, and thymus weights and increased serum testosterone. Mrdjen and Lee (2015) reviewed the potential impacts of high-volume hydraulic fracturing operations on surface water and public health.
They indicated the exposure to surface water contaminated with the chemicals used in the high-volume hydraulic fracturing might increase cancer risk and turbidity of water, which might lead to pathogen survival in the surface water. 70%, 60%, 30% and 18%, respectively, which indicated that managing concerning non-conventional pollutants at each WWTPs is better than establishing a unified limits for all WWTPs. Kannangara and Pathiratne (2015) investigated the toxicity of industrial effluents that were causing negative impacts on the Dandugan Oya, a water canal located in the Western Province of Sri Lanka, using a plant-based bioassay with onion (Allium cepa).
Sludge and Biosolids
Concentrations of seven heavy metals, including cadmium, chromium, copper, mercury, nickel, lead, and zinc, were analyzed in the sludge wasted from Ankara
Central Wastewater Treatment Plant in Turkey and noncancer health risks due to child ingestion were evaluated (Kendir et al., 2015) . conditions. A study of the bio-accessibility of PBDEs in sewage sludge from Shanghai, China was conducted using a 3-compartment model and a 6-d Tenax extraction . The ratio between 6-h Tenax and Soxhlet concentrations, indicating the bio-accessibility, was found to be lower in the sludge generated from industrial wastewater treatment than those from facilities that treated mostly domestic wastewater. Pulicharla et al. (2015) studied the stability and toxicity of chlortetracycline and its metal complexes in wastewater sludge. It was found that the chlortetracycline-metal complexes were more toxic than the chlortetracycline itself for Bacillus thuringiensis. Bourioug et al. (2015) investigated the effects of sewage sludge amendment on snail growth and the metal transfer in the soil-plant-snail food chain was traced. There was no apparent toxic effect due to trace metal accumulation in snails while the snail growth was significantly stimulated at high rates of sludge application due to enhanced nutritional content of lettuce leaves exposed to sewage sludge.
Concluding Remarks
As future. In addition to wastewater reuse, the impacts of municipal and industrial wastewater discharges on both freshwater and marine environments will continue to be a very important subject. More research would be needed to better understand the extent of exiting pollutions, and to control and protect the sensitive aquatic environment and precious water resources from degradation.
